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wt ll call the dispersed ^""J^ exponents »r ™ry 
widely. additional comp stabilize 

o ^ .. -"^m^t^^r by «— »- 

rsn£ sr- — — — £ron ~ water 

PteM ' uses of emulsions have been ^"^^ 

L5 »ny »X. Host processed food and ™,e products. 
Medicine and personal care p.oduc.s. ^-^^ _ 
toners, and photographic media ar 

for emulsions 

employ emulsions, in recent years, a _ sed . 
wi L smaller and more uniform ^^ e , retire 
20 Artificial blood applications *~ ^f^^. jet- 
nearly uniform droplets -eragxng 0 2 « 
inX printing has similar requirements 

distribution. ^. _ __ e o£ ten used to 

High pressure homogenxzers are ox 

25 pr oduce sill and uniform dropl." as an 
employing a device vnich is commo _ plug 

«*- *• " Tsprin, or hydraulic 

■ . 4_ a cpa t bv means of a spt^iy " ^ , 

forced against a seat by w ^sion is fed 

« pneumatic between 1.0.0 and 15.000 

* X TJ:^rZ*Z~ seat ? en tbe 

35 undergoing rapid acceleration as veil 
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ui^ breaks dovm the oil phase into small 
pressure which breaKS aown ^ r . BreB sure 

droplets. More recently, a new type of high P rcs5 ^ 
^enizer was introduced, employing two or -re mixed 
orifices, and capahle pf reaching *£^JTLl-- 
« fa rced through these orifices, the pre-mixed raw en 
5 f o™ which are caused to impinge at each 

other. A description is found in US Patents No. 

*' 533 ' 2 IT^^'^» for emulsification in ^is 
10 type of device is the controlled use of shear impact, 
and cavitation forces in a small zone. The rei 
erfects of these forces generally depend on the fluid 

within the fluid strea*, aerated hy the 

Iteration upon entering the orifice =r ...11 gap ^ 

extremely high velocity at tne 
the difference between the extre y sur£ace s 
. w 4«p4eft and zero velocity a*c tne *»^*- 

20 sLrr^sr - * - — — — ■ 

occurs after exiting the orifice. 

Cavitation takes place when pressure drops 

2S to 10-9 sec.), generating shoe* waves which breah down 
surrounding oil droplets, cavitation occurs in 
Logenirin, valves when the sudden ^^j^* 
orifice with a simultaneous pressure drop, causes tn 
£X Pressure to drop -onentarily belaw the vapor 

,„ Pressure^ ^ ^ ^ ^ taown ^ ^ 

35 cavities, and not during the collapse or 
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Mi « Ion, assumed, tr^vl^ - 

5 liquid-liquid cohM i i0 "- .„ senamas »v. several 

^id ossification •* laoe 

c^ract-rirtlcs worth -J."^ saeondB) , 

a verv short time (iu J ww 
only once. I8r a verY , . .,„„ OOMar density mparts 
and equipment which -P^f portlon o£ the 

10 emulsification energy only to^a J* ion prooaM is 

product at any given time. The «■ a 
Lu. highly eenaltive to the «ni*or»lt yof 

stooh, and several ^£ 8 f a ver»ge droplet sis. 

^lly required before the desrre ave r^ ^ 

15 „d uniformity are » 'J faction with the 

depends, on the s ur£a=tant^rate o ly 6urr£>u nd 

oil ph.ee. B~aus. surf actanW a.™ g f 
the oil droplets at the sam. rat^ th.y ana 

hy the ^"^r^ ^S is a typical 
J0 droplet. >j££TZZ-£. during the precis. 
elMTP increase rn product t. I p Qlant . «a 

M nich limit, -echoic. ll^ZZT^ 
pressing Pressure as well om ^ ^ 

„glom«ration rate of prooesMS require very 

26 a-««^ i0n ^:Hrresin particles; and this is often 
sMll solid polymer or polyBe rs or resins in 

.crushed * -'-7^1 t £ e n employing nUin, 
Z^ZZZZ "the droplets .Ue, and finally 
JO removing the VOC. 

SUm! ** toa invention feature, 
X„ general, in one •^JJ^, in a fluid. 
a ..thod for use S ^ected along a first 

in the method, a jet of Exuau 
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«, and a structure is interposed in the first path to 

'■"""l':^ - «- new path ~y - «» 
.JJ^JL directions. The =«»t » « 
^7^11^ surrounding the Jet. The interne* 
be a cyiinaei ^. . - _ surface that is generally 

!Tth. well, in the distance fro. the opening of the well 
xn tne wen, ci of the openxng 

to the reflecting surface, and xn the sxze of P ^ 

-..^ sheet An additional component may be flowed 

,„er»lly in the direction of the new path of the 
celled flow. ispa=t ^ „ 

L for « in stabilizing a hot emulsion 
features a method for use in ls cauMd to 

25 immediately after *°™« 0 ". ^ emulsion £ornin , 
tl ow away fro. the cutlet end_ o an *m ^ ^ 

structure, and a cooling fW* " ^ o£ ^ emllslon 

30 ^ Mentations of the 'J^.tin 
£oll owin n .eaturas ^ "-^ fOTing 

»™ Ular shM l, aS tollnHluId say he e thin annular sheet 
structure. The £^J^ ^ MOlln g fluid 

35 as it flows opposite to tne « 
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15 



or ws compatible with the emulsion. The 
may be a liquid or gas comp in 
flows of the emulsion and the oooling fluid * y 

" ^r^r^other aspect, the invention 
, features alXd for use in causing emulsif ication or a 
ftrsTflutd component within a second fluid component. 
Tthe method, an essentially stagnant = of the 
fi-t fluid component is P^ded ^ a cavity^ ^ 
the second fluid component is directed velocities 
10 fluid component. The temperatures and the ietvelo 
% «-h* fluids are chosen to cause cavitation due to 
:^U= »P~. t i°n a, the — =« — ~° 

^pieeentationa of the invention may include the 
fo „owin g feetures. The second T^fiap-Lion. 
include e continuous phase of en —J^^f ^ in 

- -f"-: r: "ie o s nttn:ru. - 

M the ,-t »V ^ - r - - ^ ^ 

which opens into the annuls product may 

deification h y ««^«^-^r^ll 
be passed throuoh en °j""° Z~Z lo a subsequent 
eeuleifioetion. or »ey be del ""£ OCBpmmM M y be 

" ^ TS^ZlTl coo"' ee/he eppiie* to 

rolu^in the subse^ent ^ ^^ent 
, e 4. a h4it2a the emulsion. ine & 

S^T-i^ - — " ll iBto ^ a 

- - « rrr.t ^rr.^.-— tioM 

feetures en epparatus £ or reduoin, preeeur. flu=^ 
ta en e-eisifyina ^ f iuid Xine between 

3S eT^e — n, ceii has interna! voiuee. 
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5 wxuh £rts for filling the S h e ll with heating or 

flUid ' In general, in another asp**, the invention 
feature a nozzle for us. in an emulsification structure. 
In tTe structure, two body pieces having flat surfaces 
» ^te\o form the nozzle, at least one of the members 
naving a groove to form an orifice in the nozzle. The 
^aces are sufficiently flat so that when the two body 
K expressed together with sufficient force, fluid 
flow is confined to the orifice. In ieple.entat.ons of 
15 r invention, the cavitation ~ Z 
Z^rj^Vr ^ X mlUlfor Polar 

"^general, in ~ ^fl- 

" r™. an rririn:tiran U :tcngated chamber having 

25 Ind a melanism is provided for adjusting the distance 

<~ -CSSrr- the 
blowing features. The reflective surfaces may be 
interchangeable for different "^"^-J^ at the 
30 a removable insert for insertion into the 

- -h. insert having an orifice of e smaller 
open end. the ^ of camber. There may 

dimension than the inner wall or 

several different inserts each suitable for 
different application. 
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in general, in another aspect, the invention 
fea tures a^duxa; deification structure • 
.lies of coupiin. ^ - J**- ^J^~ 
variety of ways. Each o£ at xeas 
. includ- an ennular 

K - ffi0,t ^ " p 0 rts are provided for feeding fluid 
10 stream coupling. Porxs lMfit 

1 So or withdrew*,,, fluid from the "^'^^Lll 

SO me of the communicatix,, openings ere efficiently 
. _ , n™id let. The sealing surfaces are 

to form a liquid jet. fluid-tight seal when 

sufficiently smooth to provide e fluid "g 
15 tt . couplings ere held together hy a -ffici-t 

compressive force directed along the length of the 

^^plementations of the invention may include , «. 

t olloving P feetures. X *^* f^J«fJ£Z 
ootween the male sealing surface of one o the P 

couplings end -^"^^o tne^ouPlings, the 

"r::: sets. « - - «- ^ « «- 

orifice may eareena one o£ 

o«er. An absorption cell coupling ***** 

the structure. On. of the «£>£J£ opening for 
another coupling to for. e small SOM 
generating an annular flow sheet of ™ 
of the ports in the couplings are used for CIP/S 

— .r^rrrr:^ — - 

and an orifice su PP other component 



20 



30 



and an orifice support ™«u comp onents 

orifice having ends wh ich open into ^other^ ^ 

3S ^ ration of the support to reverse the 



WO 96/14141 



PCI7DS9S/13665 



10 



- 8 - 

locations of the two ends, each of the ends serving as an 
inlet or an outlet to the orifice depending on their 
locations. 

Advantages of the invention include the following. 
Very small liquid droplets or solid particles may 
be processed in the course of emulsifying, mixing, 
suspending, dispersing, or de-agglomerating solid and/or 
liquid materials. Nearly uniform sub-micron droplets or 
particles are produced. The process is uniform over time 
because pressure spikes that are normally generated by 
the high pressure pump are eliminated. A broader range 
of types of emulsion ingredients may be used. while 
maximizing their effectiveness by introducing them 
separately into the high velocity fluid jet. Fine 
15 emulsions may be produced using fast reacting 

ingredients, by adding each ingredient separately and by 
controlling the locations of their interaction. Control 
of temperature before and during emulsif ication allows 
multiple cavitation stages without damaging heat 
20 sensitive ingredients, by enabling injection of 

ingredients at different temperatures and by injecting 
compressed air or liquid nitrogen prior to the final 
emulsification step. The effects of cavitation on the 
liquid stream are maximized while minimizing the wear 
effects on the surrounding solid surfaces, by controlling 
orifice geometry, materials selection, surface 
characteristics, pressure and temperature. Absorption of 
the jet's kinetic energy into the fluid stream is 
maximized, while minimizing its wear effect on 
surrounding solid surfaces. A sufficient turbulence is 
achieved to prevent agglomeration before the surfactants 
can fully react with the newly formed droplets. 
Agglomeration after treatment is minimized by rapid 
cooling, by injecting compressed air or nitrogen and/or 
35 by rapid heat exchange, while the emulsion is subjected 



25 



30 



10 



PCTAJS9S/13665 

WO 96/14141 

- 9 - 

. efficient turbulence to overcome the oil droplets' 
::^"i:t"rce S ana maintaining sufficient pressure to 
nrevent the water from vaporizxng. 

P scsle-up procures fro. -11 ^""^'^ 

5 devices to large production seel, system is mad. simpl« 
tlceuse every process parameter con be corefully 
because every pr * ,™iieable to emulsions, 

controlled. The invention is applicable 

.icroemulsions. dispersions, liposomes, and cell rupture. 
A wide variety of immiscible liquids may be used, in a 
0 wiser ring, ox ratios. Smaller amounts or (in some cases 
0 „r»ulsl £l ». are required. Emulsions can be produced 
in one pass through the process. The reproducibility of 
in one pas*. ? „, r ietv of emulsions may 

the process is improved. A vide variety or 
be produced for divers, uses such as food, beverages 
15 TherLceuticals, paints, ln>s. "-^easy toTs £ 
media, and cosmetics. Th. apparatus is easy to ass 
UmasUmbls, clean, and maintain. The process may be 
«ed wt^ fluids of high viscosity, high solid content, 
and fluids which are abrasive end corrosive. 
,„ The emulsification effect continues long enough 

" f or surfactants to react with newiy formed oil droplets 
Multiple steges of cavitation assure complete use of the 
Lf accent with virtually no waist in the form of 
micelles. Multiple ports elong the process stream may 
2S used for cooling by injecting ingredient at lower 

30 be footed in its solid state to * ^ 

^l^^rLetobf-tic introduction of 

lar^e solid particles into the high pressure pumps, and 
requires only standard industrial pumps. 
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Other advantages and features will become apparent 
from the following description and from the claims. 

pftseriotion 

Figs. 1 and 2 are block diagrams of emulsif ication 
systems . 

Figs. 3 A and 3B are an end view and a cross - 
sectional view (at A— A of Fig. 3A) of an emulsifying cell 
assembly. 

Fig. 4 is a larger scale cross-sectional view (at 
B-B of Fig. 3A) of the emulsifying cell assembly. 

Fig. 5 is a cross-sectional view of another 
modular emulsifying cell assembly. 

Fig. 6 is an isometric exploded view, not to 
scale, of two types of a two-piece nozzle assembly. 

Figs. 7A and 7B are an enlarged end view and a 
cross-sectional view of an adapter for the two-piece 

nozzle assembly. 

Fig. 8 is a schematic cross-sectional diagram, not 

to scale, of fluid flow in an absorption ^ cell. 

Fig. 9 is a cross-sectional view of an absorption 

cell. 

Fig. 10 and 11 are cross-sectional diagrams, not 
to scale, of fluid flow in other modular absorption cell 
assemblies . 

Figs. 12A, 12B and 12C are an end view, a front 
view, and a top view of a coil for regulating process 
pressure in the emulsifying cell. 

Fig. 13 is an assembly of three coils shown in 

Figs. 12A through 12C. 
30 Figs. 14 and 15 are cross-sectional views of 

emulsifying cell assemblies. 

In Fig. 1, the product ingredients are supplied 
from sources 110, 112, and 114 into a pre-mixing system 
116. For simplicity, only three types of ingredients are 
35 shown by way of example: water, oil, and emulsifier; but 
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. vide variety of other ingredients could be need 
depending =n L. product to be node, The 
system 116 is of « suitable kind (e.g. propeller ***** 
Tlloid mill, nosogenic, etc., for 
S Xfter pre-mixing, the ^"^^^Laed 
tank 118. in some cases, the pre-mixing may r 
Inside feed tank 118. The pre-mixed product from tank 
Z ^en flows through line 120 and valve 122. by means 
of transfer pump 124 to the high *~~*~~*JZ» 
10 128. Transfer pump 124 may be any type of pump normally 
used for the product, provided it can generate the 
r^ired feed pressure for proper operation of the high 
pressure process pump. Pressure indicator 126 is^ 
provided to monitor feed pressure to pump 128 The Mg 
„ pressure process pump 12. ^^1^^ pump- 

through line 130 into coil 132, where P"""" 
fluctuations generated by the action of pump 128 are 

20 regulated by expansion end contraction of the coll 
tuTing. A more detailed explanation of the coil 
mechanism is given in the deecription of rigs. 12* 
through 12C. !t may be desirable or necessary to heat 
™i Le feed stock. Heating system 148 may circulate 

33 hot ffuid In shell 154 vie lines 160 end 1S2. or cooling 

monitor these parameters, and enters tne 
110 at a high and constant pressure, for example a 
pressure of 15,000 psi. The ^" ie »^ 5 ™ ook 
35 Lees Place in emulsifying cell 140, where the feed stock 
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is forced through at least one jet generating orifice and 
through an absorption cell wherein the jet's kinetic 
energy is absorbed by a fluid stream flowing around the 
jet and in the opposite direction. In each of the 
5 treatment stages (there may be more than two) , intense 
forces of shear, impact, and/or cavitation break down the 
oil phase into extremely small and highly uniform 
droplets, and sufficient time is allowed for the 
emulsif ier to interact with these small oil droplets to 

10 stabilize the emulsion. 

Immediately following the emulsif icat ion process, 
cooling fluid from cooling system 156 is injected into 
the emulsion via line 158, cooling the emulsion instantly 
by intimate mixing of the cooling fluid with the hot 
emulsion inside emulsif ication cell 140. Cooling system 
156 may be a source of cool compatible liquid (e.g., 
cold water) or of compressed gas (e.g., air or nitrogen), 
with_suitable means to control the temperature , pressure 
and flow of the cooling fluid, such that the desired 
product temperature is attained upon exiting 
emulsification cell 140. The emulsion exits the 
emulsif ication cell 140 through line 142, where metering 
valve 144 is provided to control back-pressure during 
cooling, and ensuring that the hot emulsion remains m 
liquid state while being cooled, thereby maintaining the 
emulsion integrity and stability. Finally, the finished 
product is collected in tank 146. 

in the system illustrated by Fig. 2, the product's 
continuous phase is supplied from supply 110 into feeding 
tank 118, while other ingredients are supplied from 
sources 112 and 114 directly into the emulsifying cell 
140 . some ingredients may be mixed together to reduce 
the number of separate feed lines, or there may be as 
many feed lines as product ingredients. 
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Water from tank UB flows through line 120 »" a 
valve 122, hy means of transfer pump 124 to the high 
Pr ..sure procL pump 128. Events 128 through 128, end 
148 through 158 heve similer functions to the sane 
numbered elements of the systen of Fig. 1- 

Oil and emulsifier, each representing a possibly 
unlimited nunber and variety of ingredients which nay be 
introduced separately, flow fro. sources 112 and 114 into 
emulsifying cell 140, through lines 162 and 184 each 
with a pressure indicator 170 and 172, and a temperature 
indicator 174 and 176, by means of metering pumps 168 and 
^ Metering pumps 186 and 168 are suitable for type of 
oroduct pumped (e.g. sanitary cream, injectable 
^pension, abrasive slurry, and the reguired flow and 
pressure ranges. For example, in small scale systems 
peristaltic pumps are used, while in production system 
and/or for high pressure injection, diaphragm or gear 

"^sTdTemulsifying cell 140 the water is forced 
through an orifice, creating a water jet. other product 
^r^ients, a. exe^,lified by the oil end emulsifier. 
arfSect.; into emulsifying cell 140. Th. interaction 
ZJZ th. extremely high velocity water jet xnsxd. 
emulsifying cell 140 and the stagnant ingredient, from 
, lines 162 and 164, subjects the product to a series of 
treatment stages, in each of which intense 
shear, impact, and/ or cavitation break down the oil and 
emulsifier to extremely small and highly 

' rrxrification process the -^-J-^ . 
. . OT , ftV . its the emulsif ication cell and xs coiiecte , 
then exits x»e svstem of Fig. 

in a manner similar to the one used xn the system 
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As seen in Figs. 3 through 9, the emulsifying cell 
is constructed using a series of interchangeable 
couplings, each for a particular purpose. The couplings 
are used to form an integral pressure containing unit by 
forcing together a smooth and tapered sealing surface of 
each coupling into a smooth and tapered correspondxng 
sealing surface in the adjacent coupling, to create a 
aetal-to-metal seal, much like the seal between a 
standard high pressure nipple and the corresponding 
female port. Each coupling (except possibly for the end 
couplings) has a large bore in one side, and a matching 
protrusion of slightly smaller diameter on the other 
side, such that each coupling's protrusion fits into the 
bore of the next coupling, thereby aligning sealing 
15 surfaces and facilitating assembly of a large number of 
couplings. The couplings are fastened together by four 
bolts. 

in the e xample of a L has ic_emuls«ytog_cell shown 
i^Fi^s". 3A and 3B, the cell assembly has four couplings: 
20 product inlet coupling 10, nozzle coupling 12, coolant 
inlet coupling 14, and product outlet coupling 16. 
Referring also to Fig. 4, protrusion 26 of coupling 10 
fits into bore 28 in coupling 12, while sealing surface 
22 of coupling 10 is aligned with sealing surface 24 in 
25 coupling 12, to form a pressure containing metal-to-metal 
seal upon fastening of the assembly with four bolts 17. 
Tbe product fluid to be processed enters the emulsifying 
cell from port 18, which is a standard 1/4" H/P port 
(e.g., Autoclave Engineers #F250C) , and flows through 
30 round opening 20 (0.093- dia. hole). Ejecting from 
opening 20, the product impinges on surface 30 of 
coupling 12, and then flows in a random turbulent pattern 
. inside a generally cylindrical cavity 32, which is formed 
between couplings 10 and 12. 
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Thus, iron virtually zero velocity in th. axial 
dirtction in cavity 32, th. product is a=al«cated to a 
velocity fading 500 ft/see upon entering orifice 34. 
Tni. suud» acoalaration which occurs siMUltan.ou.lv with 

s Severe pressura drop causes cavitation in the orifice. 
Baing a Una piac. metallic nozala. coupling 12 is 
.ultLl. for ralativsly low prassur. applications in tha 
ranga o£ 500 psi to 15,000 psi of liquid-liquid 
pulsions. Applications requiring higher P""«"V~ 

10 which contain solids, require a 2-piec. nossle assambly 
as shown in Fig. 6. The diameter of orifice 34 
determines the maximum attainable pressure for eny given 
fl ow opacity. For example a 0.015 in. diameter hole 
"ll enLl. 10,000 psi with a flow of * 1 teWrn^. 



» j,U i www ^s»«^«fc ™ — — — 

15 of water. Here viscous products retire an orifice as 
lar g. e« 0.032 in. di.rn.ter to attain the seme P«"»" 
and flow rate, while smaller systems with pumps' cepscity 

. z -c A _ A ac email as O • UU-> 



ana now i.au«, — - 

under 1 liter /min, require an orifxee as small as 
In. diameter to attain 10,000 psi. The high velocity jet 
is ejected from orifice 34 into an absorption cell 



cavity 38, the flow pattern of which is shown in Fig. »- 
An alternate absorption call is shown in Fig. 9. 

Referring now to Fig », water jet 35 formed in 
orifice 34 is maintained essentially unchanged as it 
25 flows through opening 35 of the absorption cell. After 
impacting surface 40, which may be flat or semi- 
Xricel. or have another conf iguretion otherwise 
Chancing its function, th. Jet fluid reverses its flow 
direction , and forms a coherent cylindrical flow stream^ 
30 tr^t cylindrical flow pattern is formed because tbat 
3 is thTomy way for tha fluid to exit cavity 3B with 
opening 36 only slightly lerger then fluid 
8 Leem 37 is forced to react with the j«t fluid 35, 
«Leby absorbing the Kinetic energy of the jet fluid 
35 persuing intense forces of shear end cavitation, end 
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minimizing the wear effect of the jet impacting on 
surface 40. The intensity of energy input into the 
product is much lower in cavity 38 than in orifice 34. 
Rather than further breaking down oil droplets, the 
5 interaction of the two streams in cavity 38 serves to 
provide sufficient time for the emulsif ier to interact 
with the oil droplets formed in orifice 34 and completely 
surround them, thereby maintaining the oil droplets at 
the same small size achieved in orifice 34 and preventing 
10 their agglomeration. The absorption cell provides a 
controllable environment for the interaction to occur, 
depending on the diameter of the bore, the shape of the 
impact surface at the end of the cell, the length of the 
cell, and other design factors. 
15 Cavity 38 is formed inside stem 42, which is 

threaded into outlet coupling 16 (Fig. 4). After exiting 
the cavity 38, product flows between surface 44 of stem 
42 and corresponding surface 46 in coupling 14. The 
annular opening between surfaces 44 and 46 is adjusted by 
20 turning stem 42 in or out of coupling 16, thereby 

controlling the back-pressure in caVity 38. Stem 42 is 
provided with two flats to facilitate screwing it xnto 
coupling 16. and with a lock-nut 48 for locking stem 42 
in place. Port 50 is provided in coupling 14 for 
25 connection to a suitable cooling fluid supply. Cooling 
fluid flows through opening 52 and passes around «0"-r*ng 
54 which acts as a check-valve to prevent product flow 
to' the cooling system. The cooling fluid then flows 
through a narrow annular opening formed between the tip 
30 of coupling 16 and surface 56 of coupling 14, into 

cavity 58. Thus, in cavity 58, an annular flow sheet of 
cooling fluid interacts with an annular fluid sheet of 
hot emulsion, the two sheets flowing in opposite 
directions, thereby effecting intimate mixing and 
35 instantaneous cooling of the emulsion. The cooling fluid 
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may be a compatible liquid or gas. For example, for oil- 
in-water emulsions, cold water may be used. In this 
case, the feed stock supplied to port 18 must contain a 
lover percentage of water, and the desired final 
5 oil/water ratio is accomplished by injecting the 
appropriate amount of cold water through port 50. 
Alternatively, gas may be used as a cooling fluid. For 
example, compressed air or nitrogen may be supplied to 
port 50 under pressure f to be injected into cavity 58, 

10 where the gas expansion from its compressed state 

requires heat absorption, thereby effecting instantaneous 
cooling of the hot emulsion. In this case, the air or 
nitrogen are released to atmosphere after the emulsion 
exits the emulsifying cell. From cavity 58, the emulsion 

15 flows through annular opening 60, to outlet port 62 which 
is a 1/4" H/P type. After exiting the emulsifying cell, 
the emulsion flows through a metering valve, provided to 
enable control of back-pressure in cavity 58 and to 
prevent "flashing" or sudden evaporation of liquid 

20 ingredient before temperature reduction. 

In the example of a more elaborate emulsifying 
cell shown in Fig. 5, multiple product inlet ports and 
multiple orifices are used. Couplings 10 and 12 are 
connected as described with respect to Figs. 3 and 4. 

25 Couplings of the kind identified as 13A and 13B are 

provided to enable injection of other product ingredients 
through ports 72 and 74, which are 1/4" H/P type, similar 
to port 18. Coupling 13 may be installed before or after 
coupling 12, or before or after coupling 15, in 

30 conjunction with one or more orifices, all depending on 
the particular product characteristics and the desired 
results. Nozzle adapter 70 is provided to enable high- 
pressure sealing between couplings 12 and 13 A. coupling 
13 may be connected to another coupling 13 or to coupling 

35 14 without any adapters. Coupling 15 contains a 2 -piece 
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nozzle assembly. Nozzle adapter 84 enables high-pressure 
sealing between the two orifice pieces 80 and 82, as veil 
as between the 2 -piece nozzle assembly and the coupling 
down-stream . 

5 The product / s continuous phase, water for example, 

is fed at high pressure through port 18 and then forced 
through orifice 34, thereby forming a water jet. Another 
ingredient, oil for example, is fed through port 72 at an 
appropriate pressure and temperature. The required oil 

10 pressure is a function of inlet water pressure at 18, the 
size of the orifice 34, and the size of the orifice 
formed by members 80 and 82. For example, using water 
pressure of 20,000 psi at 18, orifice of 0.015 in. dia. 
at 34, and round orifice of 0.032 in. dia. by members 80 

15 and 82, then water pressure between the two orifices is 
slightly below 4,500 psi, and thus oil pressure of 4,500 
is required at port 72 to assure oil flow into the 
emulsifying cell. At the interface between the water 
phase and oil phase, cavitation takes place due to 

20 hydraulic separation, effecting a homogeneous oil in 

water mixture at the exit of coupling 13A. The orifice 
formed between members 80 and 82 causes further break 
down of oil droplets, due to the severe acceleration with 
simultaneous pressure drop and due to orifice geometry. 

25 After this intense energy input, another product 
ingredient is added through port 74, for example 
emulsifier, which interacts with the process jet in a 
manner similar to the interaction between oil and water 
described above. The required feed pressure at port 74 

30 is determined by the adjustment of stem 42, and will be 
generally in the range of 50 psi to 500 psi. This 
relatively low feed pressure enables use of ingredients 
that are difficult or impossible to pump with the high 
pressure process pump. For example, extremely viscous 

35 products and abrasive solids which would cause rapid wear 
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to the plunger seals and check-valves of the high 
pressure pump, could be supplied to port 74 with standard 
industrial pumps. Port 74 may be also used for feeding 
melted polymers or resins # to be emulsified in liquid 
5 state into water, thereby replacing a common use of 
VOC's. 

In the two different two-piece nozzle arrangements 
shown in Fig. 6, the orifice is formed as an open groove 
on the face of each nozzle member, thereby enabling 

10 fabrication of intricate orifice geometries and 

facilitating coating with suitable materials. For 
example, when members 80 and 82 are pressed together, 
they form a rectangular cross section orifice, with 
surfaces 86 and 88 of member 82 being optically flat 

15 (within 1 light band) , forming a pressure containing seal 
with the corresponding sur faces of member 80. Surface 90 
forms a step along the flow path in the orifice and 
serves to induce cavitation. The location of surface 90 
along the orifice may be chosen to induce cavitation at 

2 0 the entrance of the orifice or at its exit, depending on 
the configuration of the emulsifying cell. Additionally, 
various slope angles of surface 90 and of the step formed 
after it may be used to control the rate of cavity 
formation and collapse, all depending on the product 

25 characteristics and desired results. The nozzle assembly 
made of members 92 and 94 will be essentially the same as 
a round hole in a solid block, but the two-piece 
construction allows coating of the inner surface the 
extremely small orifice with materials such as diamond, 

30 thereby enabling continuous production of abrasive 

products at high pressure. Such a scheme would be useful 
for producing small solid particles of materials such as 
ceramics or iron-oxide for magnetic media. 

As seen in Fig. 5, the two nozzle members 80 and 
35 82 are inserted into a bore in a nozzle adapter 84. The 
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nozzle adapter is shown in greater detail in Figs. 7 A and 
7B. Upon fastening the emulsifying cell assembly, the 
two nozzle members 80 and 82 are forced against surface 
190 of adapter 84, while the adapter tapered sealing 
5 surface 188 is forced against the adjacent coupling (13B 
in Fig* 5) . The axial compressive force on surface 188 
has an inward radial component, which is transmitted 
through surface 186 to the two nozzle members 80 and 82, 
thereby effecting a pressure containing seal between the 

10 members 80 and 82. Slots 194 and 196 are provided to 

facilitate the translation of axial compression to radial 
compression of adapter 84. Round hole 192 is. provided 
for product flow. 

In the example of a more elaborate absorption cell 

15 shown in Fig» 9, the length of the cell and its effective 
internal diameter may be varied. Stem 242 has the same 
external dimensions as stem 42 in Figs. 3, 4 and 5, thus 
stems 42 and 242 are interchangeable. Stem 242 is 
provided with a smooth internal bore 238 at one end, 

20 internal threads at the other end, and a tapered sealing 
surface 208 in between. Nozzle insert 200 is fitted into 
the stem bore 238, secured by such means as press-fitting 
or adhesive material, to form the cavity opening 236. 
The use of inserts with a variety of lengths, internal 

25 surface geometry and size, enables control of the shear 
rate, cavitation, turbulence, and the impact at surface 
24 0. Rod 202 is inserted into stem 242 to provide the 
impact surface 240 of the absorption cell. The depth of 
cavity 238, as determined by the positioning of rod 202, 

30 controls the residence time of product in the absorption 
cell, which in turn enables providing sufficient 
interaction time between emulsifier and oil droplets. 
Sleeve 204 is provided to lock rod 202 in place, as well 
as to provide sealing between rod 202 and stem 242. Once 

35 the location of rod 202 is selected, sleeve 204 is 
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tightened. Tapered sealing surface 206 of sleeve 204 is 
then pressed against tapered sealing surface 208 of stem 
242, thereby forming a seal between sleeve 204 and stem 
242, as well as between sleeve 204 and rod 202. 
5 Graduation marks at the exposed end of rod 202 facilitate 
accurate positioning of the rod and provide a convenient 
scale for recording. 

The two absorption cell assemblies in Figs. 10 and 
11 exemplify a large variety of ways to accommodate 

10 particular product requirements. Nozzle inserts 300, 
302A f 302B and 304 are examples of a large variety of 
inserts that may be used. The generally concave internal 
opening of insert 300 induces cavitation when fluid 
enters cavity 306. The fluid immediately near surface 

15 308 will flow along a path defined by that surface, 
tending to separate form the flow path defined by the 
previous surface 310. With simultaneous pressure drop 
resulting from the larger cross-section area of cavity 
306, cavitation occurs. The generally convex internal 

20 opening of insert 304 (Fig. 11) induces cavitation in the 
fluid stream upon exiting the insert. Fluid pressure is 
increased momentarily when fluid passes through the 
center of insert 304. As in insert 300 , the fluid's 
tendency to follow the shape of the solid surface with a 

25 simultaneous pressure drop induces cavitation. Inserts 
302A and 302B are identical and are arranged to achieve 
desired results for a particular product. Several 
identical inserts such as 3 02 may be used together, end- 
to-end, to form one continuous internal bore. 

30 Alternatively, several inserts with different internal 

diameters may be used to induce turbulence in the exiting 
fluid stream. Yet another alternative, shown in Fig. 10, 
is to leave a small space between the inserts to disrupt 
laminar flow and generate turbulence. Yet another 

35 alternative is to use several inserts such as 300 and/or 
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304 in series. In Fig. 11, reflecting surface 440 
exemplifies a large variety of shapes that may be used to 
enhance its function or for a particular application. As 
compared with semi-spherical or flat reflecting surfaces, 
5 surface 440 has a much larger surface area reflecting the 
jet fluid. Such a scheme may be used to effect a more 
gradual flow reversal, and for abrasive solids 
applications for extending the service life of the 
reflecting surface. 

10 The coil shown in Figs. 12A through 12C is used 

for removing pressure fluctuations (item 132 in Figs 1 
and 2) . The coil is made of standard high pressure 
tubing (E.g., Butech 1/4" M/P, #20-109-316), with coil 
diameter sufficiently large as not to effect 

15 significantly the pressure rating of the tubing (e.g., 4 
in.), and of sufficient length to remove the pressure 
spikes (e.g, 60 ft.). The tubing expands slightly when 
the pump generates a pressure spike, thereby acting to 
absorb the excess energy generated by the pressure spike. 

20 At the end of the pressure spike, the tubing contracts, 
thereby releasing the stored energy. This action of the 
coil is similar to the action of standard hydraulic 
accumulators that are used in hydraulic systems for 
essentially the same purpose. Water jet cutting systems 

25 employ similar principle (e.g. Flow International Corp. 's 
"Attenuator » ) , in the form of a long straight cylinder 
between the high pressure intensif ier pump and the 
nozzle, for generating constant flow rate through the 
nozzle. As can be seen in Figs. 12A through 12C, the 

3 0 tubing is coiled in a way that allows each coil ring to 
flex in response to pressure fluctuations, in a similar 
action of a Bourdon tube (used in pressure gauges). 
Because the external side of each coil ring has a larger 
area than the internal side, pressure in the tubing tends 

3 5 to open each ring. This movement in response to pressure 
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fluctuations provides another mechanism for absorbing and 
releasing energy. The coil thus provides means for 
removing pressure fluctuations , heating or cooling the 
product , while being suitable for CIP/SIP sterile 
5 systems. Fig. 13 illustrates a scheme for connecting 
several coils such as in Figs. 12A through 12C, enabling 
the use of standard tubing length (e.g. 20 ft.) and 
standard bending tools to produce coils as long as 
necessary. 

10 Other embodiments are within the scope of the 

following claims. 

For example , it has been found in testing the 
device that some products plug the orifice occasionally, 
by forming a clog at the entrance of the orifice. One of 

15 the features of the emulsifying cell assemblies in Figs, 
14 and 15 , is the ability easily to remove the clogged 
product from the orifice. When such plugging occurs , the 
pump must be stopped and system pressure must be 
relieved. Then the nozzle is removed from the 

20 emulsifying cell assembly, and then installed back in a 
reversed direction. The product previously clogged at 
the entrance end of the orifice is thus moved to the exit 
end of the orifice. When pressure is applied again, the 
clogged product exits the orifice and normal operation 

25 may be resumed. 

Thus, as seen in Fig. 14 , the emulsifying cell 
includes: inlet adapter 501, body 502, nozzle assembly 
503, insert 504, and absorption cell assembly inside cap 
505. Tapered sealing surface 521 of inlet fitting 501 

30 fits into a matching sealing surface 524 of nozzle 

assembly 503. Tapered sealing surface 522 of insert 504 
fits into a matching sealing surface 525 of nozzle 
assembly 503, and tapered sealing surface 523 of insert 
504 fits into a matching sealing surface 526 of body 502, 
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to form a pressure containing metal-to-metal seal upon 
fastening inlet fitting 501 into body 502. 

The product fluid to be processed enters the 
emulsifying cell from port 53 0, which consists of 
5 internal threads in inlet fitting 501 and a female 

tapered sealing surface in coupling 510, together forming 
a standard 3/8" H/P port (e.g., Autoclave Engineers 
#F375C) . Tapered sealing surface 527 of coupling 510 
fits into a matching sealing surface 528 in inlet fitting 

10 501, to form a pressure containing metal-to-metal seal 
upon fastening a standard 3/8" H/P nipple (e.g.. 
Autoclave Engineers #CN6604) into port 530. Coupling 510 
contains a round opening 531 along its centerline (0.125" 
dia. hole) between the standard female tapered sealing 

15 surface of port 530 and opening 532 (0.125 W dia. hole) 
which lies in an angle to the centerline of coupling 510 
(e.g., 20 deg.). Ejecting from opening 532, the product 
flows in a random turbulent pattern inside a generally 
cylindrical cavity 533, then through opening 534, and 

20 then through the small orifice 535 in nozzle 511. A 
detailed description of the effects of the orifice is 
provided with the description of Figs 3A, 3B and 4 , 
above. 

If the product is clogged and cannot pass through 
25 the orifice, inlet fitting 501 may be un-screwed to free 
nozzle assembly 503. Once loose, nozzle assembly 503 may 
be rotated 180 deg. along its axis, and then re-fastened 
with inlet fitting 501. Guide pin 512 inside nozzle 
assembly 503 and slot 513 in body 502 facilitate this 
30 operation by guiding the nozzle assembly into its correct 
orientation. The fluid jet formed in orifice 535 is 
maintained essentially unchanged as it flows through 
opening 536 of insert 504, then through opening 537 in 
body 502, and through opening 538 of the absorption cell. 
35 Surface 542 of plug 509, which may be flat or 
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semi-spherical, or have another configuration otherwise 
enhancing its function, forces the jet fluid to reverse 
its flow direction , and forms a coherent cylindrical flow 
stream, as described in more detail in conjunction with 
5 Pig. 8. 

The absorption cell in Pig. 14 is formed from 
alternating series of ring seals 506 and reactors 507 , 
which are available with various opening sizes and 
shapes, as described in detail in conjunction with Pigs, 

10 9-11. Opening 539 in body 502 and sleeve 508 support 
reactors 507 and align them concentrically to the fluid 
jet. Sleeve 508 is supported by round opening 540 in cap 
505 , which in turn is fastened on body 502. The modular 
design of this absorption cell 14 allows the operator to 

15 easily change reactors in order to test the effects of 
their opening sizes and shapes on the product. By 
replacing two reactors with a rod plug 541, the operator 
is able to change the length of the absorption cell and 
thus the duration of processing in the cell. After 

20 exiting the absorption cell, the processed product is 
ejected out of the emulsifying cell through port 560 , 
which is a standard 1/4 M M/P port (e.g. Autoclave 
Engineers #SF250CX20) . 

In the emulsifying cell shown in Fig. 15, items 

25 601, 602, 603, 604, 606, 607, 610, 608 and 641 are 

identical to the corresponding items in Fig. 14 (501, 
502, 503, etc.). Retainer 630 in Fig. 15 is similar to 
cap 505 in Fig. 14, in the way it supports sleeve 608 and 
the way it is fastened to body 602. However, retainer 

30 630 has an additional male thread 650 which enables the 
addition of another retainer 631. Retainers 630 and 631 
are identical, as are sleeves 608 and 627. Thus, the 
flow of product to be processed, from the inlet port to 
the absorption cell is identical in the emulsifying cell 

35 of Fig. 14 and Fig. 15. Coupling 632 is fastened to 
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retainer 631 to provide another port 637 (e.g. 1" 
Tri-Clover) . Opening 633 in coupling 632 is a 
cylindrical hole, ending with a standard short taper 639 
(e.g. Morse Taper). Insert 629 has a matching tapered 
5 surface 63 8 to enable locking it in place. Surface 640 
of insert 629 deflects the jet stream coming from the 
orifice, and may be of any shape or configuration as 
described in detail in conjunction with Fig. 8. Plastic 
seal 628 provides tight sealing upon tightening coupling 

10 632 to retainer 631, to maintain the integrity of the 
absorption cell and prevent the product from leaking out 
of the emulsifying cell. 

Port 637 enables the addition of product 
ingredients to be processed in the absorption cell. The 

15 product fluid to be added through port 637 enters through 
round recess 63 6, which allows flow from the center of 
the pipe connected to port 637 to four round holes 635. 
Ejecting from holes 635, the fluid from port 637 
interacts with the fluid from the orifice after it was 

20 deflected by surface 64 0, and the two streams are mixed 
together by intense turbulent flow in cavity 633. The 
mixture then enters opening 651 of the absorption cell 
where it forms a coherent cylindrical flow stream around 
the jet stream, as described in detail in conjunction 

25 with Fig. 8. The introduction of product fluid through 
port 637 must be done with sufficient pressure to 
maintain flow into the emulsifying cell. The required 
pressure is determined by the fluid viscosity and the 
operating parameters in the emulsifying cell (operating 

3 0 pressure, orifice diameter, absorption cell diameter and 
length) , and can generally be provided by standard pumps 
used in the industry (diaphragm pumps, gear pumps , 
peristaltic pumps, etc.). The appropriate pump must be 
selected according to the required pressure and specific 

35 requirement of each product (chemical compatibility, 
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abrasion resistance, cleanability, etc.)- The required 
pressure for each product and set of operating parameters 
may be determined by reading the pressure in the supply 
line to port 637 (e.g., using a pressure indicator 172 as 
5 in Fig. 2) , while the high pressure system is operating 
but no product is flowing in the supply line (Fig. 2, 
item 164). 

Another feature of the emulsifying cell of Fig. 
15, is the ability to extend the length of the absorption 

10 cell to a great extent. This feature may be used to 

extend the process duration. Longer process duration is 
required for slow reacting emulsifying agents, as well as 
for many product formulations that require longer- 
processing time. Another benefit from a longer 

15 absorption cell, is the ability to minimize wear in 

reflecting surface 640 resulting from jet stream impact. 
This feature is especially useful when processing 
abrasive products. Another feature of the emulsifying 
cell in Fig. 15, is the additional port for introducing 

20 product ingredients into the emulsifying cell. The 
second port may be used to introduce abrasive solids, 
which otherwise could not be processed in this device or 
any other similar devices such as homogenizer valves, due 
to the rapid wear of the orifice. The second port may 

25 also be used when chemical reaction between the product's 
ingredients must be minimized. Since the product is 
heated by approximately 1.5 degrees F per 1000 psi when 
it flows through the orifice, another use for the second 
port may be to inject one of the product ingredients at 

30 low temperature in order to reduce the product 
temperature. This is especially useful for heat 
sensitive products such as enzymes. Finally, the second 
port may be used for any product that may be damaged by 
high pressure or the severe pressure drop in the orifice. 
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Claims 

1. A method for use in causing emulsif ication in 
a fluid, comprising 

directing a jet of fluid along a first path, and 
5 interposing a structure in the first path to cause 

the fluid to be redirected in a controlled flow along a 
new path, the first path and the new path being oriented 
to cause shear and cavitation in the fluid. 

2. The method of claim 1 further comprising 
10 orienting the first path and the new path in 

essentially opposite directions. 

3. The method of claim 1 further comprising 
configuring the coherent flow as a cylinder 

surrounding the jet. 
15 4. The method of claim 1 wherein the interposed 

structure comprises a reflecting surface. 

5. The method of claim 4 wherein the reflecting 
surface is generally semi-spherical. 

6. The method of claim 4 wherein the reflecting 
20 surface is generally tapered. 

7. The method of claim 4 wherein the reflecting 
surface lies at the end of a well. 

8. The method of claim 7 further comprising 
adjusting the pressure in the well. 

25 9. The method of claim 7 further comprising 

adjusting the distance from the opening of the well to 
the reflecting surface. 

10. The method of claim 7 further comprising 
means for varying the size of the opening to the well. 

30 11. The method of claim 7 further comprising 

directing the controlled flow, as it exits the well, in 
an annular sheet away from the opening of the well. 

12. The method of claim 11 further comprising 
directing an annular flow of a coolant in a direction 

35 opposite to the direction of the annular sheet. 
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13. A method for use in stabilizing a hot 
emulsion immediately after formation, comprising 

causing the emulsion to flow away from the outlet 
end of an emulsion forming structure, and 
5 causing a cooling fluid to flow in a direction 

generally opposite to the flow of the emulsion and in 
close enough proximity to exchange heat with the emulsion 
flow. 

14. The method of claim 13 further comprising 

10 forming the emulsion as a thin annular sheet as it 

flows out of the emulsion forming structure. 

15. The method of claim 13 further comprising 
forming the cooling fluid as a thin annular sheet 

as it flows opposite to the emulsion. 
15 i6. The method of claim 13 wherein the cooling 

fluid comprises a liquid or gas compatible with the 
emulsion. 

17. The method of claim 13 further comprising 
causing the flows of the emulsion and the cooling 

20 fluid to occur in an annular valve opening. 

18. A method for use in causing emulsif ication of 
a first fluid component within a second fluid component, 
comprising 

providing a supply of the first fluid component 
25 into a cavity wherein the first fluid is essentially 

stagnant, and 

directing a jet of the second fluid component into 

the first fluid component, 

the temperatures and the jet velocities of the 
30 fluids being chosen to cause cavitation due to hydraulic 
separation at the interface between the two fluids. 

19. The method of claim 18 wherein the second 
fluid component comprises a continuous phase of an 
emulsion or dispersion. 
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20. The method of claim 18 wherein the first 
fluid component comprises a discontinuous phase in the 
emulsion. 

21. The method of claim 18 wherein the first fluid 
5 component comprises a solid discontinuous phase in the 

dispersion. 

22. The method of claim 18 wherein the supply of 
the first fluid is provided in an annular chamber, and 
the jet is delivered from an outlet of an orifice which 

10 opens into the annular chamber. 

23. The method of claim 18 further comprising 
after the emulsif ication by hydraulic separation, 

passing the product through an orifice to cause 
additional emulsif ication. 
15 24. The method of claim 18 further comprising 

following the emulsif ication by hydraulic 
separation, delivering the product to a subsequent 
processing chamber. 

25. The method of claim 24 wherein an additional 
20 component is added to the emulsion in the subsequent 

processing chamber. 

26. The method of claim 24 wherein a cooling 
fluid is applied to the product in the subsequent 
processing chamber to quickly cool and stabilize the 

25 emulsion. 

27. The method of claim 24 wherein the subsequent 
processing chamber is an absorption cell into which a jet 
of the product is directed. 
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28. Apparatus for reducing pressure fluctuations 
in an emulsifying cell fed from a fluid line by a high 
pressure pump* comprising 

a coiled tube in the fluid line between the pump 
5 and the emulsifying cell, the tube having internal 
volume , wall thickness , coil diameter and coiling 
pattern adequate to absorb the pressure fluctuations and 
capable of withstanding the high pressure generated by 
the pump. 

10 29. The apparatus of claim 28 further comprising 

a shell around the coiled tube with ports for filling the 
shell with heating or cooling fluid. 

30. A nozzle for use in an emulsif ication 
structure, comprising 

15 two body pieces having flat surfaces which mate to 

form the nozzle, at least one of the members having a 
groove to form an orifice in the nozzle, 

the surfaces being sufficiently flat so that when 
the two body pieces are pressed together with sufficient 

20 force, fluid flow is confined to the orifice. 

31. The nozzle of claim 30 further comprising 
cavitation inducing surfaces defined on the 

groove. 

32. The nozzle of claim 30 further comprising 
25 a coating on the wall of the groove. 

33. The nozzle of claim 32 wherein the coating 
comprises diamond or non-polar materials or polar 
materials . 
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34. An absorption cell for use in an 
emulsif ication structure, the cell comprising 
an elongated chamber having 

an open end for receiving a jet of fluid 
5 having two immiscible components , 

a reflective surface at the other end of the 
chamber for reflecting the jet, and 

a mechanism for adjusting the distance from the 
reflective surface to the open end. 
10 35. The absorption cell of claim 34 further 

comprising 

interchangeable reflective surfaces, each suitable 
for a different application. 

36. The absorption cell of claim 34 further 
15 comprising 

a removable insert for insertion into the chamber 
at the open end, the insert having an orifice of a 
smaller dimension than the inner wall of the chamber. 

37. The absorption cell of claim 36 further 
2 0 compr i s ing 

interchangeable inserts, each suitable for a 
different application. 
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38. A modular emulsif ication structure comprising 
a series of couplings that can be fitted together 
in a variety of ways, each of at least one of the 
couplings 

including 

an annular male sealing surface at one end of 

the coupling, and 

an annular female sealing surface at the 

other end of the coupling, 

an opening between the male and female 
sealing surfaces, for communicating fluid from a up- 
stream coupling to a down-stream coupling, 

ports for feeding fluid into or withdrawing 

fluid from the coupling, 
15 at least some of the communicating openings being 

sufficiently small to form a liquid jet, 

the sealing surfaces being sufficiently smooth to 

provide a fluid-tight seal when the couplings are held 

together by a sufficient compressive force directed along 
20 the length of the structure. 

39. The structure of claim 38 wherein a 
processing chamber is defined between the male sealing 
surface of one of the up-stream couplings and the female 
sealing surface of one of the down-stream couplings. 

40. The structure of claim 38 wherein in some of 
the couplings, the orifice extends from one end of the 

coupling to the other. 

41. The structure of claim 38 further comprising 
an absorption cell coupling at one of the structure. 

42. The structure of claim 38 wherein one of the 
couplings extends into another coupling to form a small 
annular opening for generating an annular flow sheet of 
cooling fluid. 



25 
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43. The structure of claim 38 wherein some of the 
ports in the couplings are used for CIP/SIP cleaning 
and/or sterilization procedures, 

44. The method of claim 4 further comprising 

5 directing a flow of an additional component into a 

space adjacent to the reflecting surface and generally in 
the direction of the new path of the controlled flow. 

45. Apparatus for use in an emulsif ication 
structure comprising 

10 a coupling, 

an orifice support that contains an emulsif ication 
orifice having two ends which open into other components 
of the structure , 

the orifice support being mounted in the coupling 
15 to permit rotation of the support to reverse the 

locations of the two ends, each of the ends serving as an 
inlet or an outlet to the orifice depending on their 
locations* 
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